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Polycystic ovary syndrome (PCOS) is the most frequent
endocrinopathy present in 6–15 % of reproductive-age
women [1]. It is a heterogenous syndrome [2, 3] and
according to the Rotterdam Criteria [4], PCOS is recog-
nized in women who have two of three symptoms: chronic
amenorrhea, clinical or biochemical hyperandrogenism and
the ovarian morphology of PCO in ultrasound imaging,
after other reasons have been excluded.
Disorders in the function of adipose tissue connected
with adipocyte activity, that is, the secretion of the adi-
pokines, adiponectin and retinoid binding protein 4
(RBP4), can be the main factors influencing the metabolic
disorders frequently observed in PCOS women [5, 6].
The etiology of this disease has not been completely
explained, thus far. Among factors impair the functioning
of the hypothalamic-pituitary and ovary axis hormones and
their receptors, the frequent genetic variant in form of
single nucleotide polymorphisms (SNPs) was undoubtedly
proven in genetic association studies to identify disease
susceptibility loci. A genome-wide association study
(GWAS) in Chinese women with PCOS confirmed that a
region on chromosome 2p16.3 is associated with PCOS [7].
The results of a genetic association study published in 2013
confirmed that this region is also associated with PCOS in
US Caucasian women [8]. Among the hundreds of SNPs
which were localized in the FSHR gene, only five were
identified in the coding region: in exon 10, at codons 307,
329, 524, 665, and 680. Of these, two (rs6165 and rs6166),
which are in linkage disequilibrium [9], were characterized
in various populations.
The anti-Mu¨llerian hormone (AMH) produced in gran-
ulosa cells of follicles in ovary is also an important regu-
lator of folliculogenesis, which may play a role in the
pathophysiology of PCOS [10]. It has been proven that two
genetic variants of the AMH gene and AMHRII receptor
gene influence the internal sensitivity of the ovary to FSH
and aromatase activity [11].
Therefore, in this context, we decided to investigate
frequency of the SNPs in the FSHR, AMH, and AMHRII
genes in a population of Polish women with PCOS, and to
evaluate the possible association between these variants
and susceptibility to PCOS and to concentrations of the
adipokines, adiponectin, and RBP4.
Materials and Methods
PCOS and controls women
The study group included 294 premenopausal Caucasian
patients with PCOS, and 78 women with regular menorrhea
and without hirsutism. The body mass index (BMI) and the
waist–hip ratio (WHR) was calculated. Hormonal
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examination (total testosterone—T, by immunoassay,
Architect ci8200), hirsutism score C8 (according to the
Ferriman–Gallwey scale, for cases mean value 9.80, SD
6.457) and ultrasound imaging were performed.
DNA isolation and genotyping
Genomic DNA was isolated from 2 ml of peripheral
EDTA-blood using the QIAamp Blood Midi Kit (Qiagen).
Genotyping was performed using the TaqMan SNP
Genotyping Assay on an Applied Biosystems 7500 System
by Allelic Discrimination analysis. Four SNPs were stud-
ied: FSHR rs6165, rs6166, AMH rs10407022, and AMHR II
rs2002555.
Adiponectin and RBP4 assay
The concentrations of the retinol-binding protein 4 (RBP4)
and the total adiponectin (total adiponectin/Acrp30) were
determined in human serum by immunoenzymatic methods
(ELISA) with the use of commercial Quantikine kits pro-
duced by R&D Systems (respectively: Quantikine ELISA
Human RBP4 Immunoassay and Quantikine ELISA
Human Total Adiponectin/Acrp30 Immunoassay). The
optical density was determined using a microplate reader
(Model 680 Microplate Readers, Bio-Rad Laboratories)
and the Microplate Manager 5.2.1 software.
Statistical analyses
Statistical analyses (for the clinical and biochemical char-
acteristics) were performed using Mann–Whitney U test.
Differences were considered to be significant at P \ 0.05.
Association analyses were performed on the four gen-
otyped SNPs. For all SNPs, the minor allele frequency
(MAF) and genotype frequency (AA—frequent homozy-
gote, AB—heterozygotes, BB—rare homozygotes) were
calculated in the control and case groups. Prior to the
association analysis, all SNPs were tested for agreement
with the Hardy–Weinberg equilibrium (HWE) in the both
groups, with the use of a v2 test. All SNPs passed the HWE
test. For these SNPs, we calculated the odds ratio (OR)
with a 95 % confidence interval (CI), assuming the domi-
nant model of inheritance; and the significance of the
association was calculated using the v2 test. For the SNPs
with MAF [0.3, we also tested the codominant model of
association with the use of the v2 test for the trend.
For analysis of SNPs association with PCOS, we set the
significance level of the a at 0.05. The levels of the
adiponectin and RBP4 were compared in the control versus
case groups, with the use of the two-tailed t test. The levels
of adiponectin and RBP4 were also compared for all tested
SNPs in the AA group versus the combined AB ? BB
groups, separately, in the case and control groups. The
adiponectin and RBP4 levels were compared using the
Pearson correlation analysis. All statistical analyses were
performed using STATISTICA (StatSoft; Tulsa, OK, USA)
or Prism v. 4.0 GraphPad Software (San Diego, CA, USA).
Results
The characteristics of the patients included in the study are
presented in Table 1.
The results obtained for the genotype distribution and
allele frequencies proved that only the SNP rs10407022 in
Table 1 Characteristics of
PCOS women and controls
subjects
Age (years) Weight (kg) BMI (kg/m2) WHR RBP4 (ng/ml) Adiponectin
(ng/ml)
Cases
N 294 294 294 292 286 285
Mean value 24.84 68.68 24.73 0.81 31.39 119.24
SD 4.36 16.00 5.71 0.08 8.59 70.29
Median 24.00 65.00 23.10 0.80 30.14 104.75
Minimum 17.00 39.00 14.50 0.53 15.18 8.82
Maximum 42.00 138.00 53.90 1.06 86.11 361.68
Controls
N 78 78 78 78 78 78
Mean value 23.17 61.40 21.61 0.75 27.79 147.22
SD 1.55 10.57 3.11 0.08 11.05 57.55
Median 23.50 60.00 21.00 0.75 26.72 138.11
Minimum 19.00 45.00 15.90 0.66 11.17 39.14
Maximum 27.00 95.00 31.60 1.24 85.77 329.74
P P = 0.003 P \ 0.001 P \ 0.001 P \ 0.001 P \ 0.001 P \ 0.001
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the gene AMH, is significantly associated with the decrease
of the risk of the disease (P = 0.041, OR 0.58, 95 % CI
0.44–0.97). For two SNPs, rs10407022 and rs2002555,
there were statistically significant differences in the geno-
type frequencies between patients with different combina-
tion of main three symptoms of PCOS (P \ 0.009 and
P \ 0.037, respectively).
The marginally significant association (P = 0.014) with
the adiponectin concentration (mean value of 167.9 in the
AA group versus 135.0 in the BB ? AB group) was shown
for rs6165. There were no correlations between the
adiponectin and RBP4 levels in the PCOS and in the
control groups.
Discussion
The clinical and biochemical parameters analyzed differed
statistically significantly between the women with PCOS
and the controls. Similar to the results obtained by Carmina
et al. [12] in PCOS group we also observed higher mean
values of RBP4 and the lowest mean values of adiponectin.
From all analyzed SNPs, rs6165, and rs6166 had the
highest MAF in Polish population. These two SNPs,
located in exon 10 of the FSHR gene were associated with
PCOS susceptibility in the Japanese population [13]. Also,
rs6165 was nominally associated with PCOS in women of
European ancestry [8]. Furthermore, there was significant
association between rs6166, haplotype G/A in FSHR gene
and PCOS in the Han Chinese women [14]. However, the
sample size of that study was relatively small. On the other
hand, a study conducted on a larger population of Northern
Chinese Han women demonstrated that Ser680 variants
might be related to high FSH levels in that population, and
both genetic variants, rs6165, rs6166 were not a causative
factor of PCOS [15]. In this study, we did not find any
differences in genotype and allele frequencies of these two
variants between the case and the control groups. In
addition, it was not observed any association between
rs6165, rs6166, and PCOS in Polish women. There was
only a slight association of rs6165 with the adiponectin
values in the control group, but we did not prove this for
the PCOS group.
In our control group, we did not confirm the genotype
frequency of rs10407022 (AMH gene) obtained by Kev-
enaar et al. 2007 in the Dutch and German populations.
Nevertheless, the AMHRII genotype frequency distribution
in our normo-ovulatory and PCOs groups was in agreement
with this and the latter report of Kevenaar et al. [16].
Examining the probable role of these genetic variants in the
pathophysiology of PCOS, the same researchers proved
that the SNPs examined had no influence on the risk of
PCOS. Rs10407022 (AMH gene) did not contribute to the
risk of PCOS, and the polymorphic AMHRII gene had no
effect on the risk or the final phenotype of the syndrome.
However, polymorphisms of the AMH gene influenced the
severity of the phenotypic picture.
Our present research proved that the rarer SNP alleles of
the AMH rs10407022 gene decreased the risk of the disease
so we indicated that this polymorphic variant contributes in
the pathogenesis of PCOS, but these findings must be
replicated in larger cohorts of Polish women.
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